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Tritrichomonas  mobilensis  is  an  intestinal  parasite  of  squirrel  monkeys.  There  are  few  reports
concerning the  morphological  aspects  of this  parasite.  In addition,  the taxonomic  relation-
ship between  T. mobilensis  and  Tritrichomonas  foetus,  a serious  pathogen  that  causes  bovine
and feline  trichomonosis,  has  been  questioned.  For  this  reason,  in  the  present  study,  we
examined  and  compared  both  tritrichomonads  with  regard  to their  morphology,  ultra-eywords:
ytotoxicity
ndocytosis
ritrichomonas foetus
ritrichomonas  mobilensis
ltrastructure
structure,  endocytic  activity  and  cytotoxicity  when  in the  presence  of  host  cells.  Electron
microscopy  demonstrated  consistent  morphological  differences  between  the  hydrogeno-
somes of both  parasites.  Moreover,  T. mobilensis  and  T.  foetus  had  striking  differences  in  their
endocytic behavior.  Thus,  this  work  provides  additional  data  that  support  the  hypothesis
that  T. mobilensis  is  a distinct  species  from  T. foetus.. Introduction
Tritrichomonas mobilensis is a common intestinal tri-
homonad of squirrel monkeys, such as Saimiri spp., which
ave  been used in biomedical research (Pindak et al.,
985; Culberson et al., 1986). The role of this parasite in
astrointestinal pathology of monkeys has not been well
stablished. It has been demonstrated that T. mobilensis is
nvasive  in natural hosts (Scimeca et al., 1989) as well as
n  experimental animals (Culberson et al., 1988); however,
nﬂammatory response in the natural host of this para-
ite  has not been observed. Newborn squirrel monkeys are
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free of this parasite but acquire it at 1–2 months of age
either from their mothers or from cage mates (Brady et al.,
1988).  Sampling of a large number of adults failed to iden-
tify  trichomonad-free individuals suggesting that squirrel
monkeys may  be life-long carriers of T. mobilensis (Pindak
et  al., 1988).
Tritrichomonas foetus is the causative agent of cattle tri-
chomonosis, which is one of the most prevalent sexually
transmitted disease in cattle. In cows, the infection varies
from  a mild vaginitis or cervicitis, to endometritis, abor-
tion  and infertility. Signiﬁcant losses may  occur because
of  infertility and abortion (BonDurant, 2005). T. foetus is
currently  recognized as the agent of feline trichomonosis,
which is a large bowel disease in domestic cats (Tolbert and
Gookin,  2009).
Open access under the Elsevier OA license.In  literature from the 1990s and even more recently, a
hypothesis has been raised suggesting that T. mobilensis, T.
foetus  and Tritrichomonas suis (a gastrointestinal commen-
sal  of pigs) are the same species (Felleisen, 1997; Kleina
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et al., 2004). These groups analyzed both the internal tran-
scribed  space (ITS) regions and 5.8S rRNA genes, and they
claimed that T. foetus and T. suis had identical sequences and
that  only one substitution was found in the ITS2 region of T.
mobilensis.  However, Felleisen (1998) tested the randomly
ampliﬁed polymorphic DNA from the same three species
and  reported that T. mobilensis was genetically distinct
from the other tritrichomonads. Recently, further struc-
tural  and molecular studies conﬁrmed that T. foetus and T.
suis  are strains from the same species (Mattos et al., 1997;
Tachezy et al., 2002; Lun et al., 2005).
There are few reports concerning the morphological
aspects of T. mobilensis (Culberson et al., 1986). Therefore, a
more  detailed study is needed, mainly at an ultrastructural
level. Thus, the purpose of the present work was to provide
a  more detailed study of T. mobilensis comparing it with T.
foetus.  In addition, the endocytic activity and cytotoxicity
of T. mobilensis was compared with the behavior of T. foetus.
2.  Materials and methods
2.1.  Culture
2.1.1. Microorganisms
T.  mobilensis strains USA:M776 and 4190 were pur-
chased from ATTC (Rockville, MD,  USA). The T. foetus K
strain  was isolated by Dr. H. Guida (Embrapa; Rio de Janeiro,
Brazil)  from the urogenital tract of a bull, and this strain
has  been maintained in culture since the 1970s. The T.
foetus  CC09-1, a fresh isolate, was obtained from Dr. C.M.
Campero (Patología Veterinaria, Instituto Nacional de Tec-
nología  Agropecuaria, Balcarce, Buenos Aires, Argentina)
and axenized as previously described (Pereira-Neves et al.,
2011).  All cultures were cultivated in Trypticase/yeast
extract/maltose (TYM) medium (Diamond, 1957) supple-
mented with 10% fetal calf serum. The cells were grown
for  24–36 h at 37 ◦C, which corresponds to the logarithmic
growth phase.
2.1.2.  Caco-2 cells
The  human colonic adenocarcinoma cell line, Caco-
2,  was purchased from ATCC (Rockville, MD;  ATCC HTB
37).  The cells were cultured in 25 cm2 ﬂasks with DMEM
(Dulbecco’s modiﬁed Eagle’s medium, Sigma, USA) sup-
plemented with 10% fetal calf serum and incubated
at 37 ◦C with 5% CO2. Caco-2 epithelium cells were
allowed to grow until a conﬂuent monolayer culture was
achieved.
2.2.  Cell viability assay
Caco-2  cells were cultured in 24-well plates at a den-
sity  of 105 cells/ml for 24 h. Monolayers of Caco-2 cells
were co-incubated with T. mobilensis or T. foetus in a
cell  ratio of 10:1 (trichomonads: Caco-2 cells) for dif-
ferent periods of time at 37 ◦C in 5% CO2. For control
experiments, parasites were not added to the monolayers.
For the viability assay, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT; 0.5 mg/ml  in DMEM)
was  added to each well and incubated for an additional
hour at 37 ◦C. The medium was discarded, and 1 ml  oflogy 182 (2011) 171– 180
an  acid isopropanol solution (4 M HCl:isopropanol PA;
1:99,  v/v) was added to each well to solubilize the col-
ored formazan product that was formed. Absorbance was
read  at 590 nm,  and the background was subtracted at
630  nm on a scanning ELISA microplate reader (ELX800).
The viability was calculated with the following equation:
1  − (E/C). All measurements of experimental (E) samples
(A590–630) were indexed to those of control (C) sam-
ples (E/C), which showed no loss of viability, and then
subtracted from 1.0. All data points were performed in
triplicate. The results are the average of three experi-
ments. Statistical signiﬁcance was  evaluated by a 2-way
ANOVA. In all cases, a P-value <0.05 was considered
signiﬁcant.
2.3. Binding assays
Uncovered latex beads were used to analyse the bind-
ing  capability of T. mobilensis and T. foetus. Polystyrene
microspheres (Polysciences, USA) with a mean diameter of
0.96  m were re-suspended in PBS to 1 × 108 particles/ml.
These particles were allowed to interact with the para-
sites  in TYM medium without serum with a parasite:latex
bead ratio of 1:10 for 45 min  at 37 ◦C. After interaction, cells
were  ﬁxed and processed for scanning electron microscopy
analysis as outlined below. Quantitative analyses of differ-
ent  shapes of T. mobilensis for adherence with uncoated
polystyrene microspheres incubated for 45 min  were per-
formed,  and two thousand parasites were counted using
SEM.  Statistical signiﬁcance of binding was  evaluated by a
2-way  ANOVA. In all cases, a P-value <0.05 was  considered
signiﬁcant.
2.4. Scanning electron microscopy
Cells  were ﬁxed in 2.5% glutaraldehyde in a 0.1 M
sodium cacodylate buffer (pH 7.2), post-ﬁxed for 15 min
in  1% OsO4, dehydrated in ethanol, critical point dried with
CO2 and sputter-coated with gold-palladium. The samples
were  examined with a JEOL 5800 scanning electron micro-
scope.
2.5.  Transmission electron microscopy (TEM)
Cells were ﬁxed in 2.5% (v/v) glutaraldehyde, post-ﬁxed
for 15 min  in 1% OsO4, dehydrated in acetone and embed-
ded in Epon. Ultra-thin sections were observed with a JEOL
1210  transmission electron microscope. TEM images were
captured  using a Megaview G2 digital camera (Olympus;
Muster, Germany).
2.6.  Morphometrical analysis of hydrogenosome size
The  diameter (m)  and area (m2) of T. mobilen-
sis and T. foetus hydrogenosomes were measured usingimately 250 hydrogenosomes were measured for each
parasite species. Statistical signiﬁcance was evaluated by a
1-way  ANOVA. In all cases, a P-value <0.05 was  considered
signiﬁcant.
 Parasitology 182 (2011) 171– 180 173
2
t
8
l
w
d
a
n
w
p
N
(
o
o
T
c
f
5
a
w
2
s
U
u
D
p
u
(
i
3
3
w
t
f
i
t
t
c
t
t
l
p
e
s
y
T
i
a
c
T
a
f
Fig. 1. SEM of the general view T. mobilensis (a) and T. foetus (b). Both
parasites exhibits three anterior ﬂagella (AF) and one recurrent ﬂagellum
(RF) with a distal free end. The axostyle (Ax) tip is visible. T. mobilensisV. Midlej et al. / Veterinary
.7. DNA extraction and PCR ampliﬁcation
Ethanol preserved cells were harvested by centrifuga-
ion at 20,000 × g and washed in TE (10 mM Tris–HCl, pH
.0;  1 mM EDTA) buffer. The digestions were carried out in
ysis  buffer (10 mM Tris–HCl, pH 8.0; 5 mM EDTA; 1% SDS)
ith  proteinase K. Genomic DNA was isolated by a stan-
ard  two-step phenol/chloroform extraction (Sambrook
nd Russell, 2001). RNase treatment followed the ﬁrst phe-
ol/chloroform step. The ITS-1/5.8S/ITS-2 genomic region
as  ampliﬁed with the following primers: NC5 (forward
rimer 5′-GTA GGT GAA CCT GCG GAA TCA TT-3′) and
C2  (reverse primer 5′-TTA GTT TCT TTT CCT CCG CT-3′)
Newton  et al., 1998). PCR was performed in a total volume
f  20 l using approximately 20 ng of genomic DNA, 0.2 M
f  each primer, 0.2 M of each dNTP, 3 mM MgCl2 and 0.5 U
aq  DNA polymerase (Invitrogen; USA) with the following
onditions: 1 min  at 94 ◦C, 1 min  at 55 ◦C, and 2 min  at 72 ◦C
or  35 cycles. Post-extension at 72 ◦C was performed for
 min. For each set of PCR reactions, negative (without DNA)
nd  positive (using DNA extracted from T. foetus) controls
ere  included.
.8.  DNA puriﬁcation and sequencing
PCR products were puriﬁed using exonuclease I and
hrimp alkaline phosphatase (Amersham Biosciences,
SA). Approximately 45 ng of each puriﬁed PCR prod-
ct  was used in a sequencing reaction treated with a
YEnamicTMET dye kit (Amershan Biosciences, USA) and
uriﬁed with ammonium acetate/isopropanol. The prod-
cts  were run on a MegaBACE 1000 Automated Sequencer
Amershan Biosciences, USA). All products were sequenced
n  both directions.
.  Results
.1. T. mobilensis morphology and cell structure
T. mobilensis cultured in TYM medium was analyzed
ith SEM and TEM to establish the main ultrastruc-
ural features of the parasite and to compare it with T.
oetus. Both parasites have a spindle-shaped body exhibit-
ng  the typical tritrichomonad morphology as follows:
hree anterior ﬂagella, an undulating membrane reaching
he  posterior end of the body and a recurrent ﬂagellum
ontinuing beyond the undulating membrane by a free-
railing  portion (Fig. 1a and b). One important point is
hat  the both strains of T. mobilensis and the fresh iso-
ate of T. foetus (CC09-1) were pleiomorphic because some
arasites displayed a piriform body (Fig. 2a) whereas oth-
rs  exhibited rounded (Fig. 2b), elongated (Fig. 2c) or
kinny (Fig. 2d) shapes. Morphological quantitative anal-
ses  revealed that approximately 40% of the both strains of
.  mobilensis presented a piriform body whereas approx-
mately 20%, 28% and 3% displayed rounded, elongated
nd skinny shapes, respectively (Fig. 3). However, the per-
entage  of pseudocysts was different between the two
.  mobilensis strains studied here: 9% in the 4190 isolate
nd  2% in the USA:M776 strain were in the pseudocyst
orm (Fig. 3). A similar result was observed in the freshpresents a lanceolated shape, whereas T. foetus displays a piriform cell
body. Bars, 2 m.
isolate of T. foetus (CC09-1): approximately 40% of the par-
asites  displayed a piriform body whereas approximately
26%, 19%, 10% and 4% of population presented rounded,
elongated, pseudocystic and skinny shapes, respectively
(Fig. 3). However, this pleiomorphism was not observed
in  the cultured T. foetus K strain: approximately 88% of the
parasites exhibited typical pear-shaped bodies and approx-
imately  12% of all cells were present in a pseudocyst form
(Fig.  3).
T.  mobilensis undergoing mitosis was frequently
observed (Fig. 4). Quantitative analyses showed that
approximately 27% of these parasites were under mitosis,
and  the morphological characteristics were similar to those
previously described in T. foetus (Ribeiro et al., 2000).
The ultrastructure of T. mobilensis was compared with
that  of T. foetus (Figs. 5–6). The mastigont system of both
species presents typical features of the tritrichomonad
family, such as an infrakinetosomal body, suprakineto-
somal body and comb (Fig. 5a and b). In addition, T.
mobilensis and T. foetus possess the A-type costa (Fig. 5c
and  d) and the same ﬁne structure of the undulating mem-
brane  (data not shown). Moreover, the size of T. mobilensis
hydrogenosomes (diameter and area) in both strains was
not  statistically signiﬁcant when compared with the size
of  the T. foetus CC09-1 hydrogenosomes (Fig. 6). However,
the  size of T. foetus K (long-term cultured) hydrogenosomes
was signiﬁcantly smaller than the size of hydrogenosomes
from both T. mobilensis strains and the fresh isolate of T.
foetus  (Fig. 6).
A  consistent morphological difference was found
between the hydrogenosomes of both parasites (Fig. 7). T.
mobilensis  hydrogenosomes exhibit a ﬂat peripheral vesi-
cle  (Fig. 7a and c) whereas T. foetus presents a much more
prominent and larger vesicle (Fig. 7b and d).
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Fig. 2. SEM of different morphologies presented by T. mobilensis in TYM medium. Four different forms of T. mobilensis are better visualized in (a)–(d).
y shapeA  piriform cell is observed in (a) whereas rounded, elongated and skinn
ﬂagellum. Bars: (a), (b), and (d) 2 m;  (c) 3 m.
3.2. DNA analysesBecause the T. mobilensis population was pleiomorphic,
DNA analyses were performed to verify if any contamina-
tion by other tritrichomonads had occurred in T. mobilensis
cultures. A molecular strategy previously described (Kleinas are shown in (b)–(d), respectively. AF, anterior ﬂagella; RF, recurrent
et  al., 2004) was employed. For this purpose, the total
DNA was extracted from two  independent cultures and the
rDNA  ITS-1/5.8S/ITS-2 region was ampliﬁed. The PCR prod-
ucts  were directly sequenced. As a result, both sequences
obtained were identical to T. mobilensis isolate M776 (ATCC
50116)  sequence retrieved from GenBank (U86612), thus,
V. Midlej et al. / Veterinary Parasitology 182 (2011) 171– 180 175
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ith  SEM counting 1000 cells at random.
emonstrating that we were working with a T. mobilensis
nd that contamination did not take place.
.3. Adherence activity
To  compare the behavior of the different shapes of T.
obilensis, adherence assays using uncoated polystyrene
icrospheres were performed. Interestingly, quantitative
nalyses revealed that no differences were found in all
arasites shapes analyzed (Fig. 8). In addition, the bind-
ig. 4. SEM of T. mobilensis undergoing mitosis. (a) A large cell has all ﬂagella dupli
asterisks)  are side-by-side. The cell in (c) is heart-shaped and both anterior region
arrows).  (d) The daughter cells are pointing to opposite directions, but they are snd T. foetus during growth in TYM medium. The analyses were performed
ing  capability of T. foetus was signiﬁcantly higher than the
binding  capability of T. mobilensis (P-value <0.01 by two-
way  ANOVA test) because approximately 40% (S.D. ± 3.42%)
and  58% (S.D. ± 2.73) of the parasites from the cultured and
fresh  T. foetus isolates contained latex beads attached to
their  cell surface, respectively, whereas approximately 23%
(S.D.  ± 2.53%) of the parasites from both T. mobilensis iso-
lates  contained latex beads attached to their cell surface.
Similar to T. foetus (data not shown), T. mobilensis presented
binding capacity even during mitosis (Fig. 8).
cated. (b) The recurrent ﬂagella are further separated. The ﬂagellar canals
s are in opposite directions. This dividing cell exhibits two axostyles tips
till connected. AF, anterior ﬂagella; RF, recurrent ﬂagellum. Bars, 4 m.
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Fig. 5. Comparison of T. mobilensis (a and c) and T. foetus (b and d) by TEM. (a, b) Components of the mastigont system of both trichomonad show similar
aspects,  such as the basal bodies (BB1-3), sigmoidal ﬁlament (SF); pelta (Pe) – axostyle (Ax) complex; comb (Co); supra (SKB) and infra (IKB) – kinetosomal
ich orig
n (b). A l
 and (b) bodies;  and costa (C). The basal body of the recurrent ﬂagellum (BBr), wh
complex  (G) are present in both T. foetus and T. mobilensis but only seen i
note  that the banding pattern of both parasites is rather similar. Bars: (a)
3.4. Cytotoxicity assays
To  quantitatively assess the cytotoxicity of both species
to  Caco-2 cells, spectrophotometric analyses after MTT  via-
bility  assays (Fig. 9) and crystal violet test (not shown) were
performed. The MTT  assay was carried out in the initial
hours to follow the cytotoxic effects (Fig. 9). Both species
were able to reduce the viability of Caco-2 cells. After 1 h
of  interaction, both strains from T mobilensis and T. foetus
presented a similar cytotoxicity level. However, after 3 h,
the  cytotoxicity of both the cultured T. foetus (K strain) and
T.  mobilensis 4190 strain was higher than that of the fresh
isolate  of T. foetus (CC09-1) T. mobilensis USA:M776 strain
(Fig.  9).
4.  DiscussionThere are several studies on T. mobilensis concerning
its pathogenicity, but only a few reports on the morpho-
logical aspects of this parasite. Therefore, it is importantinates at the costa, and one parabasal ﬁlament (PF) that follows the Golgi
ongitudinal section of the costa is shown in (c) and (d). It is important to
300 nm;  (c) and (d) 200 nm.
to  have additional data based on ultrastructural studies as
presented  by this work. Both morphology and cytotoxicity
assays of T. mobilensis were performed and compared with
T.  foetus in this study. To our knowledge, this is the ﬁrst
time  that the morphological features of T. mobilensis and T.
foetus  have been compared.
4.1.  Variability in T. mobilensis shape
Culberson et al. (1986) showed that T. mobilensis
grown in TYM medium tends to exhibit different cell
shapes. In accordance, our results also demonstrated that
the  T. mobilensis population was pleiomorphic. There-
fore, DNA analyses were performed and revealed that the
T.  mobilensis culture was not contaminated with other
tritrichomonad species. The variability in size and shape
between the trichomonad populations were reported in
other  species, such as T. foetus (Tachezy et al., 2002) and Tri-
chomonas  gallinae (Tasca and De Carli, 2003). In this work,
we  also observed that the fresh isolate of T. foetus pre-
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Fig. 6. Quantitative analyses of the diameter (a) and area (b) of T. mobilensis and T. foetus hydrogenosomes. The diameter and area of T. mobilensis hydrogeno-
somes  were not statistically signiﬁcant when compared with the T. foetus CC09-1 hydrogenosomes. The diameter and the area of T. foetus K hydrogenosomes
were  signiﬁcantly smaller than the hydrogenosomes from both T. mobilensis strains and the fresh isolate of T. foetus. *P-value <0.05; **P-value <0.01;
***P-value  <0.001 compared to the T. foetus K strain.
Fig. 7. TEM of T. mobilensis (a and c) and T. foetus (b and d) hydrogenosomes. Both organelles are spherical, present a single peripheral vesicle (arrows, a
and  b) and are double-enveloped (c and d). One important difference is that T. mobilensis hydrogenosome exhibits a ﬂat peripheral vesicle whereas T. foetus
displays  a much more prominent and larger vesicle (arrows).
178 V. Midlej et al. / Veterinary Parasito
Fig. 8. Adherence quantitative analyses of different shapes of T. mobilensis
during incubation with uncoated polystyrene microspheres for 45 min.
Two  thousand parasites were counted using SEM. White and grey columns
represent, respectively, parasites with or without latex beads attached
to the cell surface. No differences were found in the population. Three
independent experiments were performed in duplicate.
sented a morphological variability. However, the T. foetus
K  strain used here did not exhibit pleiomorphic parasites.
This could be explained by the length of culture of the T.
foetus  K, which was maintained with passages for several
years.  Jesus et al. (2004) reported that long-term growth of
trichomonad strains does not have morphological diver-
sity  whereas fresh isolates display highly pleiomorphic
microorganisms. Previous studies have shown that pseu-
docysts  (rounded trichomonad with internalized ﬂagella)
are  found in T. foetus cultures maintained under stan-
dard growth conditions (Pereira-Neves et al., 2003). Here,
pseudocyst form was also observed in the T. mobilensis
population.
Fig. 9. Viability of Caco-2 cells after co-incubation with T. mobilensis and T.
foetus.  The viability was  evaluated using the MTT  assay as described in Sec-
tion  2. The values are the means ± S.D. of four independent experiments.
All experiments were performed in triplicate. Both parasites reduced the
viability of Caco-2 cells. Trichomonads destroyed the Caco-2 cells, and the
cytotoxicity of T. foetus K was  higher than T. mobilensis strains and T. foetus
CC09-1.logy 182 (2011) 171– 180
4.2. Ultrastructural comparison between
tritrichomonads
Morphological characteristics are important criteria
in  the taxonomy of trichomonads, and ultrastructural
results can provide stronger evidence on their taxonomy
(Honigberg and Brugerolle, 1990). In the present study,
the  ultrastructure of T. mobilensis was compared with that
of  T. foetus to observe whether there was any difference
between them. T. mobilensis shares many structural fea-
tures  with T. foetus including the following features: (1)
the  mastigont system, (2) the origin and periodicity of the
costae  and (3) the presence of the comb. All members of
the  genus Tritrichomonas possess the features described
above (Kulda et al., 1987). Brugerolle (1987) reported that
the  ﬁne structure of the undulating membrane is a feature
used  to differentiate the groups of tritrichomonads. Here
it  was  observed that the undulating membrane of both T.
mobilensis and T. foetus presented identical morphology.
The ultrastructure of hydrogenosomes is also an impor-
tant  feature used in taxonomic studies because the
morphology of peripheral vesicles and size vary according
to  the species (Benchimol, 2009). T. foetus hydrogeno-
somes present one or two  prominent and large peripheral
vesicles whereas Trichomonas vaginalis hydrogenosomes
exhibit several ﬂat vesicles at the organelle periphery
(Benchimol, 2009). In trichomonads without drug treat-
ments,  the hydrogenosome displays an average diameter of
300  nm,  but can reach 2 m in Monocermonas (Benchimol,
2000; Diniz and Benchimol, 1998). In the present study, a
noticeable  difference was  found in peripheral vesicles of
T.  mobilensis hydrogenosomes when compared to T. foetus.
This  morphological data may  support previous molecular
studies, which suggest that T. mobilensis and T. foetus are
distinct  species (Felleisen, 1998; Tachezy et al., 2002).
4.3.  Binding capability in different T. mobilensis shapes
Trichomonads have a high endocytic activity as
shown in previous studies where large particles, such as
polystyrene microspheres (Benchimol et al., 1990), bac-
teria  (Benchimol and De Souza, 1995) and yeast cells
(Pereira-Neves and Benchimol, 2007), were ingested by
these  protists. The binding process is the ﬁrst step to endo-
cytosis.  Thus, to address whether the different shapes of
T.  mobilensis presented distinct binding activity, adherence
trials using latex beads were carried out. No differences
in the attachment of microspheres were found in all T.
mobilensis shapes suggesting that the different forms of
this  parasite exhibited the same binding activity behavior.
However, the binding capability of both T. foetus isolates
was  signiﬁcantly higher than the binding capability of
both  T. mobilensis strains. This difference between the two
species  could be really greater than the difference between
individuals or strains within a species. However, to con-
ﬁrm  this point, the binding capability of other strains of
both  species should be evaluated and compared.In higher eukaryotic cells, vesicular cell trafﬁc ceases
during mitosis and the endoplasmic reticulum and Golgi
complex break down into small vesicles as the nuclear
envelope does (Darnell et al., 1995). In contrast to this, the
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resent study shows that both T. mobilensis and T. foetus
aintain their adherence activities during all phases of the
itotic  process. Similar observations were found during
ngestion of yeast cells by T. vaginalis (Pereira-Neves and
enchimol, 2007).
.4.  Cytotoxic effects exerted by tritrichomonads
Different endocytic abilities have been reported for
everal trichomonas isolates and a virulence correlation
as been established for the trophozoitic forms (Juliano
t  al., 1991; Rendón-Maldonado et al., 1998; Pereira-Neves
nd Benchimol, 2007). Here we demonstrate that T. foe-
us  presented higher endocytic ability when compared
ith T. mobilensis. Therefore, we decided to assess the
ytotoxicity of both species. T. foetus and T. mobilensis
ere co-incubated with host cells, such as caco-2 cells (a
arge-intestinal cell line). This experimental set up was  cho-
en  as an epithelial model for interaction studies because
oth parasites may  be found in intestinal epithelium dur-
ng  in vivo infections (Culberson et al., 1986; Tolbert and
ookin,  2009).
The  MTT  assay was carried out to compare the cytotoxi-
ity of T. mobilensis and T. foetus after interaction with host
ells.  This method is frequently employed for the detection
f  cell viability following exposure to pathogenic microor-
anisms (Ishiyama et al., 1996). MTT  is a water soluble
etrazolium salt, which is converted to an insoluble purple
ormazan by the active enzyme, succinate dehydrogenase,
ithin the mitochondria. After the reaction, the formazan
roduct formed is impermeable to cell membranes. There-
ore,  it accumulates in healthy cells (Mossmann, 1983).
A  previous study performed by our group demonstrated
hat T. foetus was able to disrupt the host cell monolayer
nly after 6 h of interaction (Midlej et al., 2009). Therefore,
he MTT  assay was carried out to determine the cell viabil-
ty  of Caco-2 cells during the initial hours (30 min  to 3 h)
f  co-incubation with either T. foetus or T. mobilensis. Our
esults  showed that no differences in the cytotoxicity level
ere  found between both species. It is important to point
ut  that the differences in the cytotoxicity level could be
bserved in strains of the same species and even among
lones of the same strain or isolate (Kennett and Hook,
002; da Rocha-Azevedo et al., 2005).
.5. Conclusions
This work provides additional data based on mor-
hological studies and adherence assays supporting the
ypothesis that T. mobilensis is a distinct species of T. foetus
nlike  that of T. suis. Complementary studies are in course
o  search biochemical and molecular differences and simi-
arities  between both tritrichomonads.
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